Abstract. The number of rice-plant stems (S), directly affecting the competition among rice plants and contributing to rice yield, is estimated from laser data. The laser data were normalized to eliminate the increasing plant height effect. Relative spatial volume (rV laser 
Introduction
Crop growth monitoring has been the main focus of precise agricultural studies. Yields of rice, a staple food in Asian countries, directly affect the future security of rice-based foods. Rice growth has been monitored not only for food security but also for satisfying the demand for safe, affordable, high-quality rice. Many studies of grass food crops have inferred the crop growth from plant heights, stem numbers, the leaf area index, leaf color, fresh and dry weights, and crop growth rates. [1] [2] [3] [4] [5] By monitoring these crop growth parameters over time, crop growth can be controlled. In Japan, rice growth is periodically measured by three main parameters: rice-plant height, rice-plant stem number, and rice leaf color. 6 Both the rice-plant height and rice-plant stem number strongly influence the rice yield potential. In turn, the rice yield potential directly affects the panicle number. Together with the grain weight and spikelet per panicle, the rice-plant stem number determines the rice yield. 7, 8 The number of stems per plant hill depends on the nutrient status,Recently, laser scanning has become an effective technology in many research areas, such as photogrammetry, 10, 11 surveying, 12 and structural damage detection. 13, 14 In agriculture, groundbased lasers have been popularly used in applications, such as biomass estimation [15] [16] [17] [18] [19] [20] and vertical plant-area density profiling. 21, 22 Ground-based lasers have demonstrated their usefulness in precise agriculture, as they collect large amounts of crop information within a short time. In fact, many studies of plant-height monitoring have reported the use of laser data. [23] [24] [25] [26] [27] In our previous study, we introduced a method for estimating the heights of rice plants from laser data without requiring the ground-surface level. 28 However, few studies have attempted the monitoring of rice-plant stem number. Therefore, a method for estimating rice-plant stem number is demanded for monitoring rice growth and predicting the rice yield potential.
The structures and functions of plants can be scaled as power functions of the measured size parameters. 29, 30 Applying this theory to light detection and ranging (LIDAR) data, researchers have estimated forest and individual tree parameters, such as the basal area and stem volume. In particular, the LIDAR tree height derived from LIDAR data has become a major variable in biomass estimation. For example, Drake et al. 31 estimated the above-ground biomass from LIDAR data using an allometric equation based on stem diameter. In a pioneering study, Chen et al. 32 calculated the volume from LIDAR data by the canopy-height model. Using this parameter, which they named the canopy geometric volume, they estimated the basal areas and stem volumes of individual trees. Hollaus et al. 33 derived the volume from the terrain surface to the canopy from LIDAR data. They assumed a linear relationship between the LIDAR-derived canopy volume and the growing stock and stratified their metric into several canopy-height classes. By applying scaled power functions, other studies have estimated the forest parameters (tree height, stem volume, stem number, and basal area) from airborne laser scanning data. [34] [35] [36] However, estimating agricultural crop production (and especially rice crop production) by this approach has been rarely reported. According to Norberg, 37 the average plant volume can be scaled as a power function of population density. Therefore, we expect that rice-plant volume can be expressed as a scaled exponential function of the measured rice-plant stem number.
This study proposes a method for estimating rice-plant stem number from laser data. This fundamental methodology is expected to be aided by ground-or small unmanned aerial vehicle (UAV)-based laser scanner systems in the future. Our method relies on the relative spatial volume (rV) metric, which is newly derived from laser point-cloud data. This metric is scaled by power functions to estimate the rice-plant stem number. The proposed method is evaluated on rice plants with different planting geometries. The field observation data were acquired by a line laser scanner during the rice-growing seasons of 2014 and 2016. The scanner was mounted vertically on a special rack for the observation of the rice canopy beneath it.
The remainder of this paper is structured as follows. Sections 2 and 3 describe the field and laser data acquisition and our proposed methodology, respectively. The plant stem number results are presented in Sec. 4 and discussed in Sec. 5. The study findings are summarized and concluded in Sec. 6.
Data Acquisition

Field Data
The test plots were established in a paddy of the Niigata Agricultural Research Institute in Niigata Prefecture, Japan. Before transplanting the rice-plant seedlings in early May, the paddy was treated with ground fertilizer (3 g N∕m 2 ). In the 2014 growing season, each riceplant hill (containing four initial seedlings) was transplanted in five plots with various planting geometries. The planting density was varied as sparse (11.2 plant hills∕m 2 ), moderate (15.1 plant hills∕m 2 ), and dense (21.2 plant hills∕m 2 ). In the growing season of 2016, the rice plants were transplanted in another paddy field with a single planting geometry (plot 2 in 2014; Table 1 ). The study was performed on Koshihikari rice, a popular rice variety in Japan.
According to the meteorological data recorded by the Automated Meteorological Data Acquisition System in Japan, the weather conditions differed between the 2014 and 2016 growing seasons, but the average temperature was unchanged. 38 Specifically, in late June to early July, when the rice-plant stems develop, the rainfall was higher in 2014 than in 2016, but the number of sunshine hours in 2014 was double that of 2016. Owing to the different soil and weather conditions, the rice growth parameters might vary between the two years. To validate the proposed method, we collected the growth parameters of the rice plants in a field investigation. The rice-plant height (H) and rice-plant stem number (S) were manually measured at irregular intervals during the rice-growing seasons of 2014 and 2016.
Laser Data
Seven observations were carried out during the vegetative stages of each growing season. The laser scanner was a SICK LMS 200 in 2014 and a UTM 30LX in 2016. Both scanners were mounted at ∼3 m above the ground surface (Fig. 1) . The range measurement accuracies of SICK LMS 200 and UTM 30LX are 10 mm (at the typical range of 10 m) and 30 mm at observing distances below 10 m, respectively. In both scanners, the laser beam wavelength was 905 nm, the angular resolution was 0.25 deg, 39, 40 and the central scan angle was the nadir. Powered by a motor, the laser scanner moved along the slide rail to sample the rice canopy. UAV-based laser scanners with constant flight altitude and velocity operate by the same mechanism. Unfortunately, the shapes and sizes of the footprint differ between the laser scanners used in this study. Specifically, at an observed distance of 3 m, the footprint of SICK LMS 200 is (a) (b) a circle with an approximate diameter of 3 cm, whereas that of UTM 30LX is rectangular and sized 0.8 cm × 4 cm. However, at the high density of the laser pulses, both laser scanners covered and returned the full information of the rice canopy. As the wind velocity remained below 2.5 m∕s, high-quality laser data were recorded.
Methodology
This section introduces a dimensionless metric called the relative spatial volume (rV), which is newly derived from laser point-cloud data. Theoretically, we assumed that laser data were collected under the ideal condition of nadir viewing and that the rice canopy was derivable from the laser data. Under these assumptions, we define the volume of space between the laser-derived rice canopy and the ground surface as the spatial volume (V s ). As V s contains the rice plant, it is influenced by both the rice-plant height (H) and the rice-plant stem number (S). Additionally, H increases over time. To eliminate the effect of H on the time-series laser data, we normalize V s with H to obtain the normalized spatial volume (nV s ), which should change only with S. To eliminate the effect of voxel size, we also replace nV s with the relative spatial volume (rV s ) obtained as the quotient of nV s and the maximum nV s . In this way, the relationship between rV s and S is maintained. According to our hypothesis, 37 rV s is expressed as a scaling exponent function of S; therefore, S can be directly computed from the laser data.
To estimate S directly from the laser data, V s is normalized by the relative vertical distance (rD). The relationship between S and the laser-derived relative spatial volume (rV laser s ) is then expressed in logarithmic form. From this expression, the allometric scaling factor and the exponent for estimating S are computed by fitting the laser data by the least-squares method. Finally, we validate the accuracy of estimating the stem number from the laser data. The methodology is explained in detail in the following subsections.
Basic Concepts of Estimating Rice-Plant Stem Number from Laser Data
Under Ideal Conditions (Good Laser Data)
Basic hypothesis of laser-derived metrics
In rice growth monitoring by laser measurements, the laser data must be properly fitted to the manually measured parameters of the rice plants. In this study, the laser-derived metrics appeared to be mainly related to S. After striking the rice canopy, the laser pulses emitted by the line laser scanner were immediately returned to the sensor. Therefore, the rice canopy surface could be reconstructed from the good quality laser data collected under the ideal condition of nadir viewing.
Spatial volume (V s ) between the ground and laser-derived rice canopy surface. The spatial volume V s (m . Each voxel is a unit cubic volume of size P voxel . The size P voxel must be sufficiently small to identify each part of the rice plant, such as the leaf and stem. Here, the voxel size was assumed as ∼1.0 cm 3 under the ideal condition of the laser scanning points. V s can also be simply modeled from the measured rice-plant height (H) and rice-plant stem number (S) as a rectangular prism [ Fig. 2(d) ]. We imagine that rice-plant stems separate from each other and that each stem covers an individual area. Therefore, the surface area of this rectangular prism is an approximately area-proportional function of S [fðSÞ]. As a result, V s can be written as the product of rice-plant height HðmÞ and fðSÞ (m 2 )
E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 1 ; 1 1 6 ; 1 3 6
Normalized spatial volume (nV s ). According to Eq. (1), V s is an increasing function of time, as both S and H increase over time. However, H exerts a much clearer and stronger effect on V s than S. Whereas S reached its maximum and then slightly decreased, H increased throughout the growing period, so V s increased accordingly. Thus, to estimate S from the timeseries laser data, we must remove the temporal effect of increasing H from V s . If H were stable, any change in V s would be caused by S alone. To this end, we normalize V s by H at each given time t. The relationship between V s and its normalized version (nV s ) is given as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 2 ; 1 1 6 ; 3 4 3
Therefore, E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 3 ; 1 1 6 ; 2 9 0 nV s ¼ fðSÞ:
To derive the normalized spatial volume (nV s ) from the laser scanning data, we first normalize the vertical distance (D). Next, the scanning points (comprising the point cloud collected by the laser scanner) are divided into separate horizontal layers from the top to the bottom of the rice plants. The division is made at constant intervals ΔnD (where nD denotes the normalized distance) [ Fig. 3 E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 4 ; 1 1 6 ; 1 5 5
Then, nV s is computed as the sum of the normalized spatial volumes of all nD layers (m layers) 
Relative spatial volume (rV s ). The normalized spatial volume nV s depends on the voxel size of the scanning point after normalization [Eq. (5)]. To remove the influence of nP voxel on the nV s computation, we propose a metric called the relative spatial volume (rV s ). Assuming that all scanning points belong to the first layer, we find the maximum nV s (nV max s ). The relative spatial volume is then calculated as the quotient of nV s and nV max s as follows. Note that rV s is independent of nP voxel E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 6 ; 1 1 6 ; 1 4 3
Relationship between laser-derived metrics and rice-plant stem number
Norberg 37 demonstrated that the average plant volume can be scaled as a power function of the measured plant population density. Similarly, we hypothesize that nV s can be expressed as a scaling exponential function of S. In other words, fðSÞ can be expressed as an approximate area-scaling factor A (m 2 ) and an allometric exponent α (α > 0) [Eq. (3)]. Equation (6) can then be rewritten as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 7 ; 1 1 6 ; 6 9 9
As nV max s is constant in each target area, the above equation can be simplified by defining a dimensionless allometric scaling factor β as follows:
E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 8 ; 1 1 6 ; 6 3 1
For a specific rice variety, planting direction, and planting density, the allometric scaling β and exponent α can be presumed to be unchanged over the study period. Under ideal conditions, S can be directly computed from the laser data as follows:
E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 9 ; 1 1 6 ; 5 6 3
3.2 Conceptual Application Using the Observed Laser Data
Data extraction
To ignore the effects of incident angle in this study, a small target area was located inside each plot. The targeted data were identified within inclination angles of AE8 deg. Moreover, the five target areas in 2014 were limited to the same distance (60 cm in the scanner moving direction), and both target areas in 2016 were narrowed to ∼100 cm along the rail. In our previous study, we computed D of the scanning points by multiplying the observed range data by the cosine of the corresponding inclination angle. 28 Here, D denotes the position of the laser pulse on the rice canopy above the ground surface. Of course, the range of D depends on the observation date because H increases over time.
Computation of relative spatial volume from the observed laser data
As mentioned above, before deriving nV s from the observed laser data (nV laser s ), we normalize D for each target area. Here, we assume that scanning angle effects can be ignored. As reported in our previous study, 28 the relative vertical distance (rD), computed directly from the laser data without considering the ground-surface level, was related to H and was insignificantly affected by the planting density. Therefore, under the practical scenario of this study, we normalize D not by H but by the respective rDs derived from the laser data at each observation time. For this purpose, the tops and bottoms of the rice plants were identified directly from the observed laser data. Phan et al. 28 identified the top of the rice plant (D top ) as the first percentile height. To avoid the effects of scanning points located on or just above the ground surface, we define the bottom of the rice plant (D bottom ) by three rice bottom positions at the 70th, 80th, and 95th percentile heights (D 70 , D 80 , and D 95 , respectively). The normalized Ds (nDs) of the scanning points range from 0 (close to the bottom) to 1 (close to the top of the rice plant). Unfortunately, the collected data may contain error points caused by airborne particles or unexpected objects intercepting the transmission direction of the laser pulses. When identifying the top and bottom of the rice plant, these outliers were identified and eliminated by setting the valid range of D. Here, the valid D range was identified from the measured plant height and the installation height of the laser scanner. To ensure a stable number of normalized scanning points, we set the nD values of scanning points above the top position and below the bottom position as 1 and 0, respectively.
If all laser scanning points (X) belonged to the first layer, the normalized spatial volume would be maximized (i. e., nV max s ). To ensure a constant nV max s , we counted all scanning points in all nD layers (m layers) in the nV max s computation as follows: Phan et 
The nV laser s is then computed directly from nD by summing the normalized spatial volumes of the nD layers. To avoid the effect of scanning points on or just above the ground surface, we removed the last layer before computing nV
To
As evident in the above equation, rV laser s depends on the number of scanning points in each layer; consequently, rV laser s depends on the value of nD and the number of layers. Especially, the number of divided layers (m) affects the histogram shape of nD. If m is excessively small, the histogram distribution is lost; conversely, a too large m unnecessarily increases the number of divided layers. Thus, we should investigate a suitable layer number in the rV laser s calculation. In this study, the maximum rice-plant height was below 1.0 m during the target period. The voxel size in the vertical direction, which depends on the accuracies of the range measurements, was assumed as 1 cm, so the height was divided into 100 layers. We expected that the most suitable m is ∼100 layers or less. Hence, the value of m in the rV laser s computation was varied around 100 layers as m ¼ f500; 100; 50; 5g.
Regression Analysis
In the next stage of the analysis, we identify the allometric scaling factor and the exponent (β and α). Given these parameters, the stem number can be determined. In logarithmic form, the relationship between the rice-plant stem number and rV laser s [Eq. (9) ] becomes E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 3 ; 1 1 6 ; 3 4 6
To determine β and α in the above equation, we fitted the laser data by the least-squares method. Finally, the accuracy of estimating the stem number from laser data was validated by the root-mean-square error (RMSE), the relative error (rE, computed as the RMSE divided by the mean), and the bias value in each test plot. The bias value was determined by forcing the slope of the regression line slope to 1.0.
Results
According to the manual measurement results, H increased linearly over time in 2014, and the results were consistent among the five plots. H increased more rapidly in 2016 than in 2014, but the mature crop height was similar in both years [ Fig. 4(a) ]. In contrast, S clearly varied among the plots of various planting densities and growing seasons [ Fig. 4(b) ]. The stem number (S) was higher in the 2014 than in the 2016 growing season, possibly reflecting soil condition effects and the influences of weather factors, such as rainfall and hours of sunlight. S was maximized at ∼50 days after transplanting and varied with planting density and plot geometry in 2014.
Before computing rV laser s , the time-varying H effect was removed from the laser data by normalizing D with various D bottom s (Fig. 5) . When D bottom was set just above the ground surface, the ground-surface effect was not eliminated completely. 
Relative density of scanning points (%) various planting densities and geometries. In this study, S was estimated directly from the laser data under various values of β and α in the regression model, which relates S to rV laser s . Owing to different structures of the rice-plant canopy surfaces, the rV laser s values varied among the test plots. The allometric parameters also varied among the plots because the different planting geometries and densities led to different distributions of the laser scanning points. Additionally, the nD values depended on the accuracy of computing rD or on the identified D top and D bottom . The distribution of nD also influences rV laser s because it decides the number of scanning points corresponding to each layer. Therefore, the allometric parameters computed from the observation data varied among the determined D bottom values and the test plots.
To illustrate our proposed approach, we calculated the allometric parameter values in the regression model from the observed laser data. The results are shown in Table 2 . The results were validated on moderate density plots in the perpendicular planting direction (plot 2) ( Table 3 ). Table 4 shows the effect of planting density and geometry on the precision of the estimated stem numbers. The validated parameters were unaffected by all values of m above 10. In all cases, when D bottom was set at the 80th and 95th percentile ranks (MD 80 and MD 95 , respectively), the rEs were ∼0.10 in both years (Table 3) . However, the greatest stem number was clearly obtained at MD 80 (Figs. 6 and 7) . In 2014, the rEs of MD 80 were below 0.10 at all planting densities (Table 4) . Moreover, the estimated S closely approximated the manually measured S, especially in the growing season of 2016 (Fig. 8) . 
Discussion
We have proposed an approach that estimates S from laser scan data. The relationship between estimated rice-plant stem number and laser-derived relative volume is implied by the scaling factor β and the allometric exponent α as shown in Table 2 . The scaling factor β reduced as D bottom approached the ground surface and increased in plots with parallel planting directions ( Table 2 ). In contrast, the allometric exponent α reduced as D bottom increased from the ground surface and increased in plots with perpendicular planting direction. The values of β and α were not significantly affected by the number of layers (m), especially when m exceeded 10. In the moderately dense plot with perpendicular planting direction (plot 2), the allometric exponent α was similar in both growing seasons. Especially, in the models with D bottom at the 80th percentile rank of the 2014 growing season (MD (Table 2) . These results may be explained by the larger target area and the larger footprint of the laser sensor in 2016. In particular, owing to the large rectangular footprint of the UTM 30LX used in 2016, the laser pulses of UTM 30LX less easily reached the ground surface than those of SICK LMS 200. Under the same conditions of planting geometry and planting density, UTM 30LX recorded fewer scanning points at the ground surface than SICK LMS 200. Similarly, the top of the rice plant was less easily observed by the large footprint than by the small footprint. Consequently, the two sensors collected different distributions of the observation data. Specifically, the D 95 of the observation data was higher in 2016 than in 2014, whereas the D 1 of observation data was lower in 2016 than in 2014. However, the consistent allometric exponent in both growing seasons confirms the dependability of the proposed hypothesis. According to Eq. (12), rV laser s depends on the number of scanning points in each layer (x), which is decided by m. Setting m too large is unnecessary, whereas setting m too small provides insufficient information. Therefore, m must be appropriately decided. However, as shown in Fig. 5 , almost all of the nD distributions are single modal, and the histogram curves are smooth, suggesting that the computed rV laser s is independent of m. According to the results, the computed rV laser s is stable for m above 10. Moreover, the validated parameters were almost unchanged in this situation (Tables 3 and 4) . When the number of divided layers is 10 or fewer, some specific information may be lost, increasing the computed RMSE (although the RMSE was insignificantly increased in this study). In general, the number of layers did not significantly affect the precision of the estimated stem number, but too few divided layers gave unsatisfactory results. When the number of layers exceeded 10, the RMSE was acceptable (rE ≈ 0.10 ; Table 3 ). Therefore, the layer number (m) should be >10 [Figs. 8(d)-8(f) ]. The small achieved RMSEs inform that rV laser s can be expressed as a scaling exponential function of S. The rEs were also lower than 0.10 in the dense plots (Table 4) . Additionally, the RMSE was influenced by the bottom position of the rice plant, the planting geometry, and the planting density (Table 3) . The RMSE was minimized in the MD 80 setting (Table 3) . For example, in the moderate density plot, the RMSE in this setting was 20 and 32 stem m −2 in 2014 and 2016, respectively. Although the rE was always ∼0.10 in models with D 80 (MD 80 ) and D 95 (MD 95 ), only MD 80 maximized the S of the rice plants (Figs. 6 and 7) . We consider that D 95 was too close to the ground surface, so it could not escape the ground-surface effects, whereas upper D 80 was too far above the ground surface to capture all of the plant information. Therefore, identifying the suitable position of the rice-plant bottom is important. In the present results, the appropriate bottom position of the rice plants was D 80 . In this situation, the estimated rice-plant stem number strongly correlates with the laser-derived relative volume (rV laser s ). According to the MD 80 results, the correlation coefficient r ranged from 0.89 to 0.94 in 2014 and equaled 0.91 in 2016. Moreover, the RMSE exceeded the bias value in all cases of MD 80 and MD 95 . In both years, the bias was ∼0. The estimated and manually measured S values were always consistent, even under dense planting conditions (Table 4) , demonstrating the effectiveness of the proposed method (Fig. 8) . However, a decisive conclusion requires more than three levels of planting density. The planting density effects should be thoroughly assessed in a future study.
In previous forest inventory studies, volume computations required the digital terrestrial model or digital elevation model as a reference surface. [32] [33] [34] [35] [36] In contrast, this study computes the metric rV laser s directly from the laser data without considering the ground-surface level. Moreover, a voxel-based representation of V s requires a suitable voxel size, which depends on the laser scanner, observed range, and study scale. 41, 42 In the proposed method, the whole scanning points need not be directly transferred into a continuous three-dimensional voxel grid. In other words, we can disregard the footprint size, footprint shape, and voxel size. The proposed method is expected to be compatible with various sensors for future monitoring of rice crops by UAV-based laser measurements.
To achieve accurate monitoring, the laser data in this study were collected in almost-nadir viewing. Therefore, the effect of scanning angle could be ignored. Moreover, the nV max s plays an important role in obtaining rV laser s . However, nV max s depends on the scanning point density and the observation distance between the target object and sensor, which affect the values of X and P voxel , respectively. The scanning points acquired by the scanner should be sufficiently dense and small to achieve the expected result. Additionally, the planting and environmental (e.g., wind) conditions might also affect the observation data. These effects were not eliminated in this study. Because the plant-rice stem number and uniformity of the rice canopy structure depended on the planting geometry, the allometric parameters were altered by the characteristics of the rice canopy surface. Moreover, the quality of laser data is compromised by environmental factors. In 2016, the wind velocity was below 2.5 m∕s, and high-quality laser data were recorded. On the fifth observation in 2014, the rice leaves were lifted by strong winds, and the observation data were degraded by noise. In this situation, the noise scanning points could not be identified by setting the valid range of D. Although this study achieved favorable results under dense planting conditions, the above-mentioned limitations should be carefully considered in future study.
Conclusion
This study estimated the number of rice stems S, which directly affects rice-plant competition and contributes to rice yield, from laser scanner data. To this end, we derived the relative spatial volume (rV laser s ) from the laser data and presented it as an exponential function of S. The results confirmed the relationship between rV laser s and S and demonstrated that rice-plant stem number can be estimated directly from laser scanning data. The effect of rice-plant height in the laser data was removed by normalizing the data, and the ground surface was eliminated by removing the ground-surface scanning points. The allometric parameters were determined in both growing seasons, although different line laser scanning devices were applied in the two seasons. The parameters depend on the planting geometry, planting density, and D bottom but were almost independent of the number of layers. The layer number should be >10 (m > 10). However, in the moderate density plot with perpendicular planting direction (plot 2), all cases clearly obtained the maximum S from the estimated stem number with rE values of ∼0.10. Moreover, the values of β and α of MD were very similar, despite the different footprint sizes and shapes of the laser scanners. Therefore, using the rV laser s metric, we need not consider the footprint shape or P voxel . Moreover, the small bias value confirmed the good match between the estimated S and manually measured S. By virtue of these promising results, the proposed approach is expected to be recommended for rice-plant stem estimation from data collected by different sensors.
The major limitation of this approach is the dependence of the allometric parameters on the planting conditions, including the density and geometry of the plantings. Moreover, the environmental effects were not completely removed from the laser data. In future work, the effects of planting geometry and environment should be considered in a refined version of the method.
